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APPLICATION FOR INTERIM EXTENSION OF PATENT TERM ^ 
UNDER 35 U.S.C § 156(d)(5) 

I. Pursuant to 35 U.S.C. § 156(d)(5), H3 Pharma, Inc. ("H3 Pharma"), a corporation incorporated 
under the laws of Quebec, Canada, with its registered office at 666 Sherbrooke Street West, Suite 1400, 
Montreal, Quebec H3A 1E7, Canada, hereby applies for a one-year interim extension of patent term for 

. United States Patent No. 4,650,787 ("the '787 patent," attached as Exhibit 1), The '787 patent covers 
Sanvar™ Injection ("Sanvar") and methods of using Sanvar. 1 

II. H3 Pharma certifies that it is the exclusive agent Debiopharm S.A. and Debio Recherche 
Pharmaceutique S.A. (collectively "Debio") for the purposes of pursuing a patent term extension for the 
'787 patent, by virtue of the Authorization for H3 Pharma to Apply for Extension of Patent Term 
("Authorization," attached as Exhibit 2). In the Authorization, Debio certifies that Debio is the 
exclusive licensee of the '787 patent, by virtue of a license received from The Administrators of The 
Tulane Educational Fund ("Tulane"), the assignee of 100% of the right, title and interest in the '787 
patent ( see Exhibit 3), and that Tulane has exclusively granted all patent rights in the '787 patent to 
Debio, including the right to pursue patent term extensions. Debio has granted H3 Pharma a sublicense 
to the 787 patent, including the rights to develop and commercialize vapreotide. 

III. Pursuant to 37 C.F.R. § 1 .790, H3 Pharma provides the following information as required by 37 5 
C.F.R. §§ 1.740 and 1.741: 
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1 . The complete identification of the product currently undergoing regulatory review is 
Sanvar™ Injection. The active ingredient of Sanvar is vapreotide acetate, an acetate salt of vapreotide, 
which is a synthetic analogue of somatostatin. Vapreotide is an octapeptide having the following 
chemical formula: 

I 1 

D-Phe - Cys - Tyr - D-Trp - Lys - Val - Cys - Trp-NH 2 

The line between the Cys residues indicates a disulfide linkage. The structural formula of vapreotide is 
shown in Exhibit 4. 

Sanvar is manufactured according to the description in Drug Master File No. 17133 submitted to 
the Food and Drug Administration by Genzyme Pharmaceuticals on December 31, 2003. Briefly, 
vapreotide is synthesized by coupling peptide fragments in the sequence indicated above, using optically 
pure peptides and standard segment condensation protocols, in which a-amino and a-carboxyl groups 
and lateral side chains are protected as necessary. The octapeptide is formed by azide coupling of the 
two tetrapeptide fragments (synthesized in solution). The disulphide bridge is formed by iodine 
oxidation. The protected octapeptide disulphide is purified by chromatography and then deprotected by 
treatment with formic acid. The product is purified by reverse phase HPLC chromatography and 
- vapreotide acetate formed by ion exchange of vapreotide TFA. The steps for synthesis of vapreotide 
acetate are outlined in Exhibit 5. 

Sanvar is provided in single dose vials containing a sterile, lyophilized powder containing 0.6 mg 
vapreotide acetate (peptide base units) to be reconstituted to 50 mL with 0.9% Sodium Chloride 
Injection, USP, prior to infusion. The 0.9% Sodium Chloride Injection, USP, is not provided with 
Sanvar and does constitute part of the new drug application that is the basis for this application. Each 
vial of Sanvar contains a 10% overfill of vapreotide acetate to allow for losses during extraction and 
administration. 

Sanvar reproduces most of the effects induced by natural somatostatin. In the pituitary gland, 
Sanvar inhibits the secretion of growth hormone. In the gastrointestinal tract, Sanvar inhibits the 
secretion of many endocrine digestive peptides, e.g., insulin, glucagon, gastrin, vasoactive intestinal 
peptide, secretin, and cholecystokinin. Sanvar also suppresses exocrine secretion from the pancreas and 
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gastrointestinal tract. In the new drug application that is the basis for this application, Sanvar is 
indicated for the treatment of esophageal variceal hemorrhage in patients with portal hypertension. 

2. Under section 505(b) of the Federal Food, Drug and Cosmetic Act, regulatory review is 
ongoing of new drug application (NDA) number 21-761 for Sanvar, which was initially submitted on 
February 27, 2004. 

3. Applicant reasonably expects that the regulatory review period for the new drug application 
will extend beyond the expiration of the term of the '787 patent. An approvable letter for Sanvar was 
mailed on December 21, 2004 (Exhibit 7). 

4. Vapreotide acetate, the active ingredient in Sanvar, has not been previously approved for 
. commercial marketing or use under the Federal Food, Drug and Cosmetic Act. 

5. Pursuant to 35 U.S.C § 156(d)(5) and 37 C.F.R. § 1.790(a), this application is being timely 
submitted during the period beginning six months and ending fifteen days before the term of the '787 

■ patent is due to expire. The last day on which this application could be submitted is April 10, 2005. 

6. The U.S. Patent for which an extension is being sought is United States Patent No. 4,650,787. 
The names of the inventors are Andrew V. Schaily and Ren Z. Cai. The '787 patent was filed on April 
25, 1985, issued on March 17, 1987, and will expire normally on April 25, 2005. 

7. A copy of the '787 patent is attached hereto in Exhibit 1. 

8. A copy of a Maintenance Fee Statement for the '787 patent, dated February 12, 2004 is 
attached as Exhibit 6. The Maintenance Fee Statement shows that the maintenance fees for the fourth, 
eighth, and twelfth years were paid on September 10, 1990, June 17, 1994, and August 17, 1998, 
respectively. Applicant certifies that no disclaimer, certificate of correction, or re-examination certificate 
related to the '787 patent has been issued. 
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9. As described below, claims 1, 3, 4, 6, and 14 of the '787 patent read on the product Sanvar. 



Claims of '787 Patent 


How Claim Reads on Sanvar 


1 . A compound of the formula 

1 1 

A - C" - X - Z - Lys - Y - C - B 

wherein 

A is an L, D or DL amino acid selected from the group 
consisting of phenylalanine (Phe), its acetylated derivatives or 
a pharmaceutically acceptable acid addition salt thereof; 

B is an L, D or DL amino acid selected from the group 
consisting of threonine amid (Thr NH 2 ), tyrosine amide (Tyr 
NH 2 ), tryptophan amide (Trp NH 2 ); 

X is L-phenylalanine (L-Phe) or L-tyrosine (L-Tyr); 

Y is L-valine (L-Val); 

Z is D-tryptophan (D-Trp); and 

C" and C are L or D-cysteine (Cys), -aminobutyric acid 
(Abu), aspartic acid (Asp) or lysine (Lys); 

provided that where C is Cys, C" is also Cys and where C 
or C" are other than Cys, C" is different from C and is other 
than Cys; 

the connecting line between C" and C signifies a bridge 
selected from the group consisting of carbon/carbon, 
carbon/sulfur, sulfur/sulfur and amide bridges; and the 
pharmaceutically acceptable acid addition salts thereof. 


Vapreotide, the active ingredient of Sanvar, is a compound 
of the formula: 

1 1 
D-Phe - Cys - Tyr - D-Trp - Lys - Val - Cys - Trp-NH 2 

wherein the line connecting the two Cys residues indicates a 
sulfur/sulfur bridge. 


3. A compound according to claim 1 wherein 

C" is Cys; 

X is Tyr; 

Z is D-Trp; 

Y is Val; and 

C is Cys. 


Claim 3 reads on vapreotide, as described above with 
respect to claim 1 . 


4. A compound according to claim 1 wherein 
C" is Cys; 
X is Tyr; 
Y is Val; and 
C is Cys. 


Claim 4 reads on vapreotide, as described above with 
respect to claim 1 . 


6. A compound according to claim 1 which is 

- D-Phe - Cvs - Tyr - D-Trp - Lys - Val - Cvs - Trp-NH 2 


Claim 6 reads on vapreotide, as described above with 
respect to claim 1 . 
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Claims of '787 Patent 


How Claim Reads on Sanvar 


14. A pharmaceutical composition effective for reducing 
growth hormone serum levels which comprises an octapeptide 
of claim 1, its reduced form or a pharmaceutically acceptable 
acid addition salt thereof in a pharmaceutically acceptable 
liquid or solid carrier thereof. 


Sanvar is effective for reducing growth hormone levels. 
Sanvar contains a sterile, lyophilized powder containing 0.6 
mg vapreotide acetate, which is an octapeptide covered by 
claim 1, as described above. The powder is contained in a 
single dose vial to be reconstituted with 0.9% sodium 
chloride injection, USP, a pharmaceutically acceptable 
liquid carrier. 


As described below, claim 16 of the '787 patent reads on a method of using Sanvar for the 
treatment of esophageal variceal hemorrhage in patients with portal hypertension, which is the indication 
set forth in the NDA. 


Claims of '787 Patent 


How Claim Reads on Method of Using Sanvar 


16. A method of treating excess release of growth hormone, 
gastrointestinal disorders, and diabetes in a mammal in need of 
such therapy which comprises administering to said mammal 
an effective dose of octapeptide of claim 1 , its reduced form, or 
a pharmaceutically acceptable acid addition salt thereof. 


Sanvar is indicated for the treatment of esophageal variceal 
hemorrhage in patients with portal hypertension, which is a 
gastrointestinal disorder. 
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10. The relevant dates and information required pursuant to 35 U.S.C. § 156(g) in 
order to enable the Secretary of Health and Human Services to determine the applicable 
regulatory review period are as follows: 

Investigational new drug (IND) application number 59,287, which covers Phase III 
testing of vapreotide acetate (i.e., Sanvar) for the treatment of bleeding due to pancreatic 
resection, was received by FDA on November 23, 1999. FDA acknowledged receipt of this 
application on December 1, 1999. FDA completed a Phase III protocol review for a study on 
bleeding during pancreatic resection on April 11, 2000. 

New drug application (NDA) application number 21-761 for Sanvar, for the treatment of 
variceal hemorrhage due to portal hypertension associated with therapeutic endoscopy, was 
initially submitted to the Food and Drug Administration (FDA) on February 27, 2004. 2 A copy 
of the approvability letter for Sanvar is attached as Exhibit 7. 



2 While not relevant for obtaining an interim patent term extension, Applicant notes that, despite the different 
indications in the IND and the NDA, both would be used to calculate the amount of patent term extension of the 
'787 patent after the NDA is granted. Under 35 U.S.C. § 156(g)(1), the relevant time periods are IND testing and 
NDA review of a "drug product." For purposes of patent term extension, a "drug product" is defined as the "active 
ingredient" of the drug. 35 U.S.C. § 156(f). Because the IND and NDA both relate to the active ingredient 
vapreotide acetate, both would be relevant to calculating the amount of post-NDA patent term extension. In 
addition, much of the testing data from the IND has been used as part of the NDA, making the IND relevant to the 
calculation of post-NDA patent term extension. Moreover, in determining the length of regulatory review periods, 
the FDA has recognized that "The investigational path of a new drug is rarely straightforward. From the time of the 
first submission of an IND to the time, usually years later, of final approval for marketing, the course of drug 
investigation goes up many blind alleys and frequently takes off in new directions. Rarely, if ever, is a drug 
approved under precisely the same conditions (i.e., indication(s), patient population(s), dosing regimen(s), duration 
of treatment, use in conjunction with other drugs, etc.) for which it is initially investigated." 67 Fed. Reg. 65,358, 
65,359 (Oct. 24, 2002). 
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11. Attached as Exhibit 8 is a brief description of the significant activities undertaken by 
H3 Pharma during the applicable regulatory review period with respect to Sanvar and the 
significant dates applicable to such activities. J. Kay Noel and Associates refers to H3 Pharma's 
regulatory agent in the United States. 
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12. The length of the interim extension requested is one year, pursuant to 35 U.S.C. 

§ 156(d)(5)(B). In the opinion of H3 Pharma, the '787 patent is eligible for the interim extension 
herein applied for because it satisfies all of the requirements for such interim extension as 
follows: 

35 U.S.C. § 156(a) 

The c 787 patent claims the product Sanvar and a method of using Sanvar. 
35 U.S.C. § 156(a)(1) 

The term of the '787 patent has not expired before submission of this application. 
35 U.S.C. $ 156(a)(2) 

The term of the '787 patent has never been extended. 
35 U.S.C. § 156(a)(3) 

The application for interim extension is submitted by H3 Pharma, as the agent of Debio, 
which is the agent of Tulane, the owner of record, as discussed above. 
35 U.S.C. S 156(a)(4) 

The product, Sanvar, is subject to a regulatory review period before it can be 
commercially marketed or used. 
35 U.S.C. § 156(a)(5)(A) 

The commercial marketing of the product, Sanvar, after the regulatory review period 
indicated herein, will be the first permitted commercial marketing of the product under section 
505(b) of the Federal Food, Drug and Cosmetic Act, under which such regulatory review is 
occurring. 

13. H3 Pharma acknowledges a duty to disclose to the Commissioner of Patents and 
Trademarks and the Secretary of Health and Human Services any information which is material 
to the determination of entitlement to the extension sought by this application. 

IV. By the power of attorney attached as Exhibit 9, H3 Pharma appoints Scott B. Markow, 
Reg. No. 46,899 and Anita L. Meiklejohn, Ph.D., Reg. No. 35,283, of Fish & Richardson P.C., 
as its attorneys to prosecute the application for patent term extension of U.S. Patent No. 
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4,650,787 and to transact all business in the Patent and Trademark Office connected therewith 
with full powers of substitution and revocation. 

V. All inquiries and correspondence relating to this application for patent term extension 
should be directed to: 



Scott B. Markow 
Fish & Richardson P.C. 
1425 K Street, N.W. 
11 th Floor 

Washington, DC 20005 
Telephone (202) 783-5070 
Facsimile: (202)783-2331 



VII. The application is accompanied by two additional copies of the application. 

VII. It is respectfully requested that this Application for An Interim Extension of Patent Term 
Under 35 U.S.C. § 156(d)(5) and 37 C.F.R. § 1.790 of United States Patent No. 4,650,787 be 



VIII. The prescribed fee of $420.00 for receiving and acting upon the application for extension 
is enclosed. Please apply all other charges or credits to Deposit Account 06-1050. 



Fish & Richardson PC 
1425 K Street, N.W. 
11th Floor 

Washington, DC 20005 
Telephone (202) 783-5070 
Facsimile: (202) 783-2331 
Enclosures: Exhibits 1-9 



granted. 



Respectfully submitted, 
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[57] ABSTRACT 
No vel compositions of the formula 



A-C'-X— Z-Lys-Y-C-B 

wherein 

A represents an L, D or DL amino-acid selected from 
the group consisting of Ala, Val, Phe, p-Cl-Phe, Trp, 
Pro, Ser, Thr, Glu, Gly, Beta Ala, Abu, N-Me Ala, 
5-F-Trp, 5-Br-Trp, 5-Cl-Trp, their acetylated deriva- 
tives or a pharmaceutically acceptable acid addition 
salt thereof; 

B represents an L, D or DL amino acid amide selected 
from the group consisting of Thr NH 2 , Val NH2, Pro 
NH 2 , HO-Pro NH 2 , Ser NH 2) Tyr NH 2f Trp NH 2 , 
5-F-Trp NH 2 , For-Trp Nrfa, Ala NH 2 , Gly NH 2 , Me 
Ala NH 2 ; 

X represents L-Phe or L-Tyr, 

Y represents L-Thr or L-Val; 

Z is L, D or DL-5-F-Trp f 5-Br-Trp, 5-Cl-Trp, 5-I-Trp 
or D-Trp; and 

C" and C represent L or D Cys, Abu, Asp or Lys; and 
the pharmaceutically acceptable acid addition salts 
thereof; are useful as agents for inhibiting the release 
of growth hormone, for the treatment of gastrointes- 
tinal disorders and for therapy of certain cancers and 
the management of diabetes. These biologically ac- 
tive octapeptides all possess a terminal amino acid 
amide at position 8 and are prepared by solid phase 
methods. 

16 Claims, No Drawings 
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Z is L, D or DL 5-halo-tryptophan, in which the 
BIOLOGICALLY ACTIVE OCTAPEPTIDES halogen (Halo-) is fluorine, chlorine, bromine or iodine, 

or D-Tryptophan (D-Trp); and 
BACKGROUND OF THE INVENTION C" and C are L or D-cysteine (Cys), o-aminobutyric 

. •. . , 5 acid (Abu), aspartic acid (Asp) or lysine (Lys); and the 

Somatostatin is a cyclic tetradecapeptide which in- pharm aceutically acceptable acid addition salts thereof, 
hibits the secretion of pituitary growth hormone. Sev- Certain derivatives are within the scope of this inven- 
eral analogs of somatostatin have been previously de- tion ^one means D-cysteine in the sulfhydryl 

scribed: Verber et al., Nature, 292, 55, (1981) has re- fonn# w hereas a bridge between two cys groups should 
ported the sytbesis and the activity of a cyclic hexapep- 10 ^ rea( j ^ a disulfide bridge unless there is any supple- 
tide analog obtained by replacing 9 of the 14 aminoacids mental indication. MBz is p-methoxy benzyl, 2-C1Z is 
of somatostatin with a single proline. Additionally, the 2-chlorocarbobenzyloxy, similarly 2-BrZ is the corre- 
same group has reported hexapep tide derivatives of sponding 2-bromocarbobenzyloxy group. Where such 
high potency, Life Sciences, 34, 1371 (1984). Bauer, et groups appear next to an amino acid, either prior or 
al.. in "Peptides" 1982, p. 583, Ed. K. Blaha, P. Malo- 15 subsequent, but between hyphens, such a group is a 
n— 1983 by Walter De Gruyter & Co., Berlin, New substituent on the aminoacid to which it is adjacent 
York, describe the synthesis and activity of octapeptide Further, the present invention encompasses the novel 
analogs, (cf. also Life Sciences, 31, 1133, L982)). intermediates which are the reduced forms of the com- 

In general, the abbreviations used herein for designat- pounds of formula I and methods and compositions 
ing the amino acids and the protective groups are based 20 utilizing these novel octapeptides for the treatment of 
on recommendations of the IUPAC-IUB Commission various mammalian disorders, 
of Biochemical Nemenclature, see Biochemistry, 11, These octapeptides inhibit the release of such hor- 
1726-1732 (1972). For instance; Abu, Ala, Gly, Cys, mones as growth hormone, prolactin, insulin, glucagon, 
Lys, Asn, Asp, Phe, Trp, L-Trp, D-Trp, DL-Trp, D-5- gf trin, secretin and cholecystokmin, as well as.timin- 
Br-Trp, L-5-F-Trp, Thr and Ser represent the "resi- 25 ish gastrm^uhited secretion^of gastric acid. These 
dues" of a-aminobutyric acid, ^alanine, glycine, L- effects may be mdependent of the adniinistration of 
cysteine, L-lysine, L-asparagine, L-aspartic acid, L- other physiologically active compounds or as an effect 
phenyla^ D-trypto- of die subject composition with 

phm, Dl^trWtoSan, D-5^romotrypto P han, L-5- ot ^ pnysiolomcally active compounds. 
pu»u, w^ujpwHiiiui, is . ~, v • 30 The octapeptides of the present invention can thus be 

fluorotr^tophan, ^eomne and L-senne^ respec- the^eatment of such disease states as diabetic 

tively The term "readue ' refers to a ra^ retinopathy, diabetes, ulcers, acute pancreatitis and 

from the corresponding alpha-ammo acid by eliminat- ^^Ztaly 
ing the hydroxyl of the carboxyl group and one hydro- egaiy. 

gen of the alpha-amino group. « DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
SUMMARY OF THE INVENTION _ 

. ' , ' ■ ■ The octapeptides of the present invention are encom- 

The present invention relates to analogs of the tet- paised by ^ above f 0nn ulal. These octapeptides exist 
radecapeptide somatostatin. More particularly, this in- ma cyclic fonn due to a br idge between the C" and C 
vention relates to octapeptide somatostatin analogs of ^ 8U bstituents. This bridge may be a disulfide bridge 
the formula I: (-S—S-), a carbon/sulfur bridge (— C— S— ), a car- 

bon/carbon bridge ( — C — C— ) or an amido bridge 

. 0) ( — CO— NH — ) depending on the method of formation. 

a -c"-x-z-l -y-c-b The reduced forms of the octapeptides of formula I are 

Lys ^ » 45 encompassed by formula I' below. These reduced forms 

wherein are intermediates in the process for preparing the com* 

V^an L, D or DL ^tect^ls of formula I, certain combinations 

groupco^gofAta of substituents^re preferred. For instance, compounds 

alanme XPhe), P^ Wo ^ h ^y lalai ^ c Ph . c >' 50 wherein C" is Cys, X is Phe, Z is D-Trp, Y is Thr, and 

teyptophan ^rp), proline (Pro), scrme^), Tlirwmine Qt ^ ^ ^po^ds whc rein C" is Cys, X is Tyr, Z is 
(Thr), tyrosme (Tyr), glutamic acid (Glu), beta alanine r>Xrp, Y is Val and C is Cys; X is Phe, Y is Thr, and 
(Beta Ala), a-aminobutyric acid (Abu), N-methylala- Q , ^ Cys; and compounds wherein C" is Cys, X is Tyr, 
nine (N-Me Ala), 5-fluorotryptophan (5-F Trp), 5- y ^ Valj ^ Qy S aie preferred compounds, 
bromotryptophan (5-Br Trp), 5-chlorotryptophan (5-C1 55 ^ octapeptides of this invention are obtainable in 
Trp), their acetylated derviatives or a pharmaceutically ^ form ofiht frcc base or in the form of a pharmaceu- 
acceptable acid addition salt thereof; tically or therapeutically acceptable acid addition salt 

B is an L; D or DL amino acid selected from the The octapeptides in the form of the free bases are 
group consisting of threonine amide (Thr NH2), valine readily obtainable from the corresponding acid addition 
amide (Val NH2), proline amide (Pro NH2), hydroxy- go salt by conventional methods, for example, a solution of 
proline amide (HO Pro NH2), serine amide (Ser NH2), the acid addition salt is passed through an anionic ex- 
tyrosine amide (Tyr NH2), tryptophan amide (Trp change resin (OH form) to obtain the free base. The free 
NH2), 5-fluorotryptophan amide (5-F Trp NH2), for- base can also be obtained from the acetic addition salt 
myl tryptophan amide (For Trp NH), alanine amide by repeated lyophilization of the latter salt from aque- 
(Ala NH2), glycine amide (Gly NH2) and methylala- 65 ous solution. The acetic acid addition salt is readily 
nine amide (Me Ala NH2); obtainable from another acid addition salt by treatment 

X is ^phenylalanine (L-Phe) or L-tyrosine (L-Tyr); . with the apropriate ion exchange resin, for example, 
Y is ^threonine (L-Thr) or L-valine (L-Val); Sephadex G-15 using 50% acetic acid in the manner 



4,650,787 

3 4 

described by Coy, et aL, Biochem. Biophys, Res. Com- reaction sequence. For example, as already discussed 

mun., 1267-1273 (1973). hereinabove, the particular protecting group employed 

The octapep tides of this invention can be obtained in must be one which remains intact under the conditions 

the form of a pharmaceutical^ or therapeutically ac- which are employed for cleaving the alpha-amino pro- 

ceptable acid addition salt either directly from the pro- 5 tecting group of the terminal amino acid residue of the 

cess of this invention or by reacting the peptide with peptide fragment in preparation for the coupling of the 

one or more equivalents of the appropriate acid. Exam- next succeeding amino acid fragment to the peptide 

pies of preferred non-toxic salts are those with pharma- chain It is ^ Q important t0 select as protecting group, 

ceutically or therapeutically acceptable organic acids, one which will remain int act during the building of the 

e.g., acetic, lactic, succinic, benzoic, sahcychc, meth- 10 ti de chain and which will be readily removable 

anesulfonic, toluenesulfonic or pamoic acid as weU as ^ letion of ^ synthesis of the desired octa- 

polymenc acids such as tanmc acid or carboxymethyl £ tid £ duct AD ofthese matters are well withinthe 

cellulose and salts with inorganic acids such as the hy- f i _T , , , - ,. . ... , 

drohalic acids, eg., hydrochloric acid or sulfuric acid ^'^e and understand^ of one ontaanly stalled 

, « • ?y m the art. 

or phosphonc acid. is J x _ _ . 

The octapeptides of this invention can be prepared by . The ortapepdta produced by the process of this 

solid phase synthesis. The synthesis begins at the C-ter- mventlon ' weU 88 corresponding pharmaceuti- 

minal end of the peptide. The first protected amino acid ^ 01 therapeutically acceptable acid addition salts, 

is linked to the benzhydrylamine resin by reaction of the are useful due to tkeir possession of the pharmacologi- 

carboxyl group protected amino acid in the presence of 20 081 activitv of ^ natural tetradecapeptide somatosta- 

N.N^mcyclohexylcarbodiimide or N,N'-diisopropyl- Such activity is demonstrated readily in pbarmaco- 

carbodiimide and 1-Hydroxybenzotriazole (HOBT). logical tests such as a modification of the in vitro 

The sequential building of the peptide involves the method of Saffran and Schally, Can. J. Biochem. 

stepwise addition of each amino acid in the N-tenninal Physiol, 33, 405 (1955) as given in Schally, et aL, Bio- 

portion of the peptide chain. 25 chem. Biophys. Res. Commun., 52, 1314 (1973) and 

The cleavage of the N-terminal protecting group is River, et aL, CR. Acad. ScL Paris, Ser. D., 276, 2337 

accomplished by using trifluoroacetic acid. The other (1973). 

protecting groups present on the peptide chain are sta- The ability of the octapeptides of this invention to 
ble under the conditions of the cleavage of the N-termi- inhibit hormone release in vitro is demonstrated by the 
nal protecting group. Once the N-terminal deprotection 30 method described by Meyers, et aL, Biochem. Biophys. 
has been effected, the product which results normally Res. Commun., 74, 630 (1977). In this method, the octa- 
will be in the form of the addition salt of trifluoroacetic peptides of this invention are shown to inhibit the re- 
acid. The free terminal amino compound is formed by lease of radioimmunoassayable growth hormone and 
treating with a mild base, typically a tertiary amine such prolactin in vitro from enzymatically dispersed rat ante- 
as triethylamine or diisopropylethylamine. The peptide „ rior pituitary cells prepared as described by Labrie, et 
resin is then ready for the coupling with the next amino aL, Sixth Karolinska Symp. on Res. Meth. in Reprod 
acid which has a free carboxyl but which is protected at Endocrinol, (E. Diczfalusy, Ed.), pp 301-328 (1973). 
the alpha-amino group. Following four days in culture, the cells are washed and 
Once the desired ammo acid sequence is prepared, incubated for five hours at 37° C. in Ehilbecco-modified 
the resulting peptide is removed from the resin support Eagle's medium in the presence or absence of increasing 
This is accomplished by the treatment of the peptide concentrations of each octapeptide analog. Growth 
resin with hydrogen fluoride. The hydrogen fluoride hormone and prolactin levels are determined by radio- 
cleaves the peptide from the resin and, in addition, it immunoassay, using methods described by Birge, et aL, 
cleaves aU rernammg protecting groups except formyl Endocrinol, 81, 195-204 (1967) for rat growth hormone 
group of Trp. This treatment of hydrogen fluoride is md Niswe nder, et aL, Proa Sot Exp. Biol Med., V 130, 
earned out in the presence of m-cresol and anisole 45 793 (1969) for prolactin. NIAMDD Rat GH and prolac- 
which are found to inhibit the potential alkylation of tins RIA kits here used as standards. The dose required 

"^JTf^L^S PCPtide ^ A for a M° inhibitioTof iltnnoS 

™™ S^S? « accomplished, *e 5Q) fc for wch ^ b ^ method of £ od . 

fomuk 50 bard, Endocrinol, 94, 1427-1437 (1974). 

In vitro inhibition of growth hormone and prolactin 

A-C'-X-Z-Lys-Y-C-B (T) is a ^ so measured in a pituitary cell supervision system as 

described by Vigh and Schally (Peptides, Vol. 5, Suppl. 

wherein A, C", X, Z, Y or C and B are as hereinbefore L » P- 241-247). Adult male or female Sprague-Dawley 

defined. Oxidation will generate a disulfide bridge and 55 strain rats are decapitated for each experiment. The 

allow the products to be obtained in the cyclized form anterior pituitaries are cut into small pieces and incu- 

of formula I. Use of well known coupling techniques bated in a Dubnoff incubator for 45 minutes at 37° C in 

will yield, in place of a disulfide bridge, an amido bridge 10 ™L of oxygenated Medium 199 (GIBCO) containing 

between C" and C. 0.5% collagenase, 0.25% bovine serum albumin (BSA), 

Although the selection of the particular protecting 60 and 50 ul/ml Gentamicin Sulphate. After this incuba- 

groups to be employed in preparing the compounds of tion, the fragments can be easily dispersed into single 

this invention remains a matter well within one ordinar- cells by repeated suction and expulsion from a Gilson 

ily skilled in the art, it should be recognized that the Pipetman. After 30 to 60 Pipetman operations, the tissue 

proper selection of the protecting groups is dependent falls apart The cell suspension is centrifuged at room 

upon the particular succeeding reactions which must be 65 temperature for 10 minutes at 100 g. The cell pellet is 

carried out. Thus, the protecting group of choice must then resuspended in 1.0 ml. of medium. A small aliquot 

be one which is stable both to the reagents and under is diluted for counting the cells and the rest of the sus- 

the conditions employed in the succeeding steps of the pension is divided into 4 equal volumes. Each volume 



4,650,787 



(containing about 5X10 6 cells) is mixed with 0.5 ml. 
Scphadex G-15 which has been equilibrated with previ- 
ously oxygenated medium. The mixture of pituitary 
cells and Sephadex is transferred into four chambers of 
the superfusion apparatus consisting of a number of 1 5 
ml. plastic syringe barrels (modified by cutting off their 
distal end) and mounted vertically in a plexiglas holder 
which was kept at 37* C. by circulating water. The flow 
through the system (0.5 ml. mm) is controlled with a 
multichannel peristaltic pump (Vigh and Schally, Pep- 10 
tides, Vol. 5, Suppl. 1, p. 214-247. Rat prolactin and rat 
GH were measured in aliquots of superfusates by RIA 
to determine either basal or inhibited secretion. 

The in vivo growth hormone bioassay utilized is as 
follows: 15 

Male Charles River CD rats (200-300 g.) with free 
access to food and- water were anesthetized with sodium 
pentobarbital (60 mg.kg intraperitoneally). Thirty min- 
utes later saline or octapeptide is injected subcutane- 
ously and blood samples are drawn from the jugular 20 
vein 15 minutes after subcutaneous injection. The 
plasma is separated and assayed for growth hormone by 
RIA as described above. This in vivo bioassay is a modi- 
fication of the methods used by Schally, et al., "Hypo- 
thalamic Peptide Hormones: Basic and Clinical Stud- 25 
ies", "Hormonal Proteins and Peptides?, C. H. Li, ed. 
Academic Press, N.Y. 7:1-54, 1978; Meyers, C. A., 
Murphy, W. A., Redding T. W., Coy, D. H. and 
Schally, A. V., Proc. Nad Acad ScL, USA 77:6171, 
1980, Murphy* W. A., Meyers, C. A. and Coy, D. H., 30 
Endoz 109: 491, (1981) as well as Veber et al., Pro. NatL 
Acad ScL, USA 75:2636-2640 (1978). For some analogs, 
doses as low as 0.02 ug/100 g. or even 0.005 ug/100 g. 
are active. The potency of the octapeptides of this in- 
vention relative to somatostatin is illustrated in Tables 35 
A, B and C. Single dose assays are shown in Table A 
and 4 point assays at 2 dose levels in Tables B and C. 
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TABLE A 



Single Dose Assays of Somatostatin Octapeptide Analogs vs. 
Somatostatin 14. (SS-U)Inhibition of GH Release. 





AMOUNT INJECTED/ 


GH-LEVEL 


SUBSTANCE 


100g.B.W. 


(ng/ml) 


TESTED 


0*g) 


mean ± SEM 


RC-121-2H 


0.05 pg 


61 ± 17* 


RC-114-2H 


0.05 fAg 


55 ± 10* 


SS-14 


2.00 fig 


95 ±31* 


CONTROL 


SALINE 


754 ± 155 


RC-122-2H 


0^0 jig 


23 ± 3* 


SS-14 


2.00 fig 


50 ±12* 


CONTROL 


SALINE 


374 ±69 



*p (0.01 v» Controi (Duncan's tat). 
RC-121-2H « 

D-Phe— Cys— Tyi — D«Trp— -Lyi~ *V»1— Cyr— Thj — NH 2 
Rdl4-2H« 

D-Phe— Cys— Tyr— D-Trp— Lys— Val— Cys— Ser— NH 2 
RC-122-2H- 

FOR 
I 

D-Pbe— Cyi— Tyr— D-Trp— Lyi— Val— Cyi— Trp— NH* 
FOR 
I I 
where Cys ~ crysteine; Tip = N — Formyl — Tryptophan 



TABLE B 



Four-point Assay of GH-Release Inhibition Activity 
of Somatostatin Octapeptides Analogs vs. Somatostatin* 14 in fats. 

AMOUNT INJECTED/ OH-LEVEL 
SUBSTANCE 100g.b.w. (ng/ml) 

TESTED Gig) mean ± SEM 



CONTROL 


SALINE 


277 ± 166 


SS-14 


0.4 fig 


86 ± 16 


SS-14 


1-6 P£ 


47 ± 17 


RC-I21-2H 


0.02 fig 


39 ± 10 


RC-121-2H 


0.08 pg 


21 ±4 


RC-114-2H 


0.02 jig 


44 ±11 


RC-114-2H 


0.08 jig 


34±9 



RC-121-2H vs SS-14: M = 0.7709. AntilogM « 5.9, Potency n 1 18-times vi SS-14 
RC-U4-2H vs SS44: M = a6757, Anttlog M *= 4,74, Potency - 95.8-timei vs SS-14 
RC-121-2H » D-Pbe— Cys— Tyr— D-Trp— Lys— Val— Cys— Thr— NH2 
RCM14-2H « D-pbe-Cyt— Tyr— D-Trp— Lys— Val— Cys— Ser-NH 2 
Factorial statistical analyses and calculation of potencies in 4 point design assays 
were carried out by the method of Bliss sad Marks (Bliss, CI. and Marks, RP. : 
QuarU.Phann. and Pharmacol. 12.82 and 182, 1946X and Pugsley, (L.I. : Endocr., 
39, 161-176, 1946). 



TABLE C 



CODE 



Relative Potencies of Somatostatin and Somatostatin Analogs on Inhibition of GH 
and Insulin Release in vivo baaed on 4-point Assays. 



PEPTTDE 

SS-14 (Somatostatin) 



INHIBITION POTENCY 
OH INSULIN 
in vivo in vivo 

100 100 



RC-15 



;RC-76-2H 
RC-127-2H 
RC-138-2H 

RC-88 



RC-88-II-2H 
RC-88-II 

RC-122-2H 



RC-U4-2H 
RC-121-2H 



Ac- i -p-a— D-Phe— Cys— Phe— D-Tip— Lys— Thr— Cys— Thr— NH2 

Ac— D-Phe— Cys— Phe— D-Trp— Lys— Thr— Cys— Pro— NH2 
D-Val— Cys— Phe— D-Trp— Lys— Thr— Cys— Thr— NHj . . 

D-Phe— Cys— Tyr— D-Trp— Lys—Val— Cys^ Ala— NH 2 



I I 
p<3— D-Phe— Cys— Phe— D-Trp— Lys— Thr— Cys— Thi — NH2 

p-CJ— D-Phe — Cys— Tyi — D-Trp-rLys— Val— Cys— Thr— NH 2 



p-Q— D-Phe— Cys— Tyr— D-Trp— Lys— Val^* Cyi— Thr— ;NH2 

FOR 
I 

D-Phe— Cys— Tyr— D-Trp— Lys— Val— Cys— Trp— NH2 

D-Phe— Cys— Tyr— D-Trp— Lys— Val— Cys— Ser— NH 2 
D-Phe— Cys— Tyr— D-Trp— Lys— Val— Cys— Thr— NH 2 



860 



1070 
790 
1570 

2130 



3020 
1740 



5340 



9580 
11800 



1860 



400 
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TABLE C-continued 



Relative Potencies of Somatostatin and Somatostatin Analogs on Inhibition of GH 
and Insulin Release in vivo based on 4-point Assays. 

INHIBITION POTENCY 

GH INSULIN 

PEPTIDE in vivo in vivo 
CODE SS-14 (Somatostatin) 100 100 



RC121 



D-Phe— Cys — Tyr — D-Trp — Lys— Val— Cys — Thi — NH 2 



RC-10I-II-2H Ac— D-Phe— Cys— Phe— D-Trp— Lys— Thr— Cys— Thr— NH2 
RC-10M-2H Ac— Phe— Cys— Phe— D-Trp— Lys— Thi — Cys— Thi — NH2 



RC-159-D 



RC-160 



RC-122 



RC-101-I 



RC-95-I 



D-Pbe— Cys— Tyr— Tip— Lys— Val— Cys— Thr— NH2 



I I 
D-Phe— Cys— Tyr— D-Trp— Lys— Val— Cys— Trp— NH2 



FOR 



I I I 

D-Phe— Cys— Tyr— D-Trp— Lys— Val— Cys— Trp— NH 2 

RC-1 13-2H D-Phe— Cys— Tyr— D-Trp— Lys— Val— Cys— Tyr— NH 2 

RC-161 J J 

Ac— D-Phe— Cys— Tyr— D-Trp— Lys— Val— Cys— Thi — NH2 



I 1 

Ac— Phe— Cys— Phe— D-Trp— Lys— Thi — Cys— Thi — NH 2 



1 1 

D-Phe— Cys— Phe— D-Trp— Lys— Thi — Cys— Thi — NH 2 



19900 



12900 
11320 



2380 



13400 



4980 



3020 
5520 



13560 



5280 



910 



Factorial statistical analyses and calculation of potencies in 4 point design assays were carried out by the method of Bliss and Marks (Bliss, C L and Marks, 
a P.: Quart J. Pharm. and Pharmacol. 12, 82 and 182, 1939) and Pugsley (Pugsley. L. I., Endocr., 39. 161-176, 1946). 



In order to determine the time course of the com- 
pounds of this invention, male rats are anesthetized with 
Numbutal and injected with saline or the test octapep- 
tide as in the growth hormone potency assay above. 
Blood is collected from the jugular vein IS, 30, 45, 60, 
90, 120 and 180 minutes post subcutaneous above. This 
time-course experiment for octapeptides on growth 
hormone release in vivo a significant suppression of 
plasma growth hormone. At a dose of 0.1 ug/100 g. 
administrated subcutaneously, the octapeptide 



D— Phe— Cys— Tyr— D— Trp— Lys— Val— Cys— ThrNHj 

50 

significantly inhibits growth hormone release for at 
least 3 hours. At the dose of 2 ug/100 g., the inhibitory 
effect of somatostatin on growth hormone release is no 
longer observed after 30 minutes (FIG. 1). The syn- 
thetic octapeptides also suppressed growth hormone 55 
and prolactin levels in vitro. 

The octapeptides of the present invention are also 
compared to synthetic somatostatin for their ability to 
inhibit the release of insulin and glucagon in vivo in 
male rats (CD strain, Charles River) weighing 250-300 60 
g. The rats are kept in controlled temperature (24° C.) 
and light (050O-1900h) conditions for 1 week before the 
assay. Rats are fasted 27-30 hours with tree access to 
water then anesthetized with Nembutal (6 mg/100 g. 
intraperitoneally). After 30 minutes, saline or test pep- 65 
tide is injected into the jugular vein and blood is col- 
lected 5 minutes later from the hepatic portal vein then 
transferred into chilled tubes containing EDTA (2.5 



mg/ml.) and Trasylol (500 K.I.U./mL). Plasma is sepa- 
rated and stored at 31 20° C. until assayed for insulin 
and glucagon. Plasma insulin is determined by double 
antibody radioimmunoassay using a kit from Cambridge 

Plasma glucagon is determined by the method of 
Faloona, et al., (1974) In: Methods of Hormone Radio- 
immunoassay, Eds. JafTe, B. and Behrman, H. R., Aca- 
demic Press, New York, pp. 317-330, using crystalline 
glucagon (Eli Lilly) and rabbit antiserum 30K against 
glucagon (Unger pool 4, lot 8). Porcine ^-glucagon 
was also purchased from Cambridge Nuclear Radio- 
pharmaceutical Corp., Mass. 

In the test systems described above, the octapeptides 
of the present invention were found to inhibit insulin 
release in vivo more powerfully than somatostatin on a 
weight basis (see Table Q. Because of the high potency 
of the octapeptides of the present invention, the absence 
of toxicity and the long duration of their activity, these 
octapeptides are useful for application in the treatment 
of a number of diseases and conditions. For example, 
the octapeptides of the present invention can be used to 
assess insulin resistance in obese patients. The use of this 
compound prevents endogenous insulin secretion. Pre- 
viously, somatostatin or propranolol were used for this 
purpose. (Shen, et al., J. Clin. Inw., 49, 2151 (1970)). In 
this method, to demonstrate total body resistance to 
exogenous insulin in obese subjects, standard quantities 
of glucose, insulin and octapeptides are infused for 150 
minutes, A steady state level of plasma insulin and gly- 
cose should be attained after 90 minutes. Endogenous 



4,650,787 

9 . . 10 . 

insulin secretion determined by C-peptide measurement peptide RC-121-2H, D-Phe-Cys(SH>Tyr-D-Trp-Lys- 
and glucagon secretion remains suppressed throughout Val-Cys(SH>ThrNH2, in doses of 2.5 ug/ b.Ld. also 
the period. With steady state levels of plasma insulin significantly inhibited growth of Dunn's osteosarcoma 
maintained in the subjects, the height of the steady state tumors in C3H female mice. The % survival was 
plasma glucose concentration can be considered an 5 100% ±0.0% as compared to 75% +22% for controls 
index of total body sensitivity to insulin mediated glu- by day 16. 

cose uptake. A positive correlation between steady state The measurement of antitumor activity of the octa- 
plasma glucose concentration and the degree of obesity peptides of this invention in an animal mammary cancer 
can be demonstrated. This is supported by similar stud- model is as follows: 

ies with somatostatin of Magulesparan et al., Diabetes, io Several hormone-dependent mammary tumors in rats 
28, 980 (1979), but the octapeptides are superior due to ^ j^cc nave been shown to be estrogen dependent 
their prolonged suppression of insulin. prolactin dependent (Arafah et al., Endocrinol- 

In diabetic patients who do not produce insulin, by ^ 107( 1364 (198O)); Schally, et aL, Proc Soc Exp. 
inhibiting growth hormone and glucagon secretion by Biol M&Lt 175> 259 (1984) It y. ^ alx)Ut j of 

employing the octapeptides- of die present ^vention, 15 human breast cancers are estrogen dependent Recent 
the dose of insulin should reducible to H of tfiat cvidence ^cate* ^ a significant proportion 
quired by patient m the ateence of octapeptides. (3(M0%) of human breast cancers may also prolactin 
Thisissupportedby ^ Med d dent (Malarkey, et al., /. Clin. Endoc Metab., 56, 

f^f/^S^ Z ^ Dtabet^ 67^677 (1983)); Ben, et al., Israeli J. Med Set, 17,965 

logta, 13, 537 ( 977). ^studies utihzed soma^tatm 20 (1981) ^ ^ ^ homone is ^ mvolvcd m 
as an adjunct to msulin. Simdarly, the octopeptides of ^ ^ owth 0 f breast cancers. The octapeptides of the 
the present invention can advantageously be used m ^J^L. • , /0 „.. „ . ^i 0/ JT * A 
place of somatostatin. In addition, the octapeptides are P rcsent mven ^° n » bv mlnbitmg prolactin and growth 
also useful for treatment of diabetic retSathy by hormone secretion, may be useful for inducing regres- 
innkmggrowthho 

cular damage lty of the octapeptides of the present invention are mea- 

Inso^a^Watoremovalofthehypophv^ sured in Ae MT/W9A rat maimiia^^enocarcinoma 

after bromocryptine treatment, an elevated growth model THe estrogen^ependen^ ^/W9A ^ n«un- 
hormone level is still observed. Utilizing the octapep- ^ ^^^^^1° ^ 
tides of the present invention, in combination with 30 Memortd B ^ N -Y- Jhe MT/W9A mam- 

bromocryptine or another similarly effective drug, the V^iy tumor has been characterized as estrogen-depend- 
growth hormone level is reduced. In addition, LHRH ***** rt nee ^ phy*alomcal levels of both prolactin 
agonists, which given chronically lead to paradoxical ™ d estr l °« e , n /°L^^£^ ™ d Dc P owskl ' °? n ™ 
inhibitory effects, can also be used. A combined nor- Research. 35, 2068-2077 (1975)). Tumor tissue is minced 
monal treatment consisting of octapeptides, LH-RH 35 mto approximately 1 mm* pieces, or until a fine slurry 
analogs and bromocryptine can be used for the treat- *«« becn umd ^ *** injected through an 18 G needle 
ment of acromegaly, while similar combination treat- mto A" inguinal mammary fet pad of female Wistar- 
ments are useful for other neoplasmas. When the tumors Furtn rats i 90 BP**- body weight). After about 3 J 
are hormone dependent and these hormones are inhib- months the tumors were palpable and the experiment is 
ited by octapeptides, these tumors can be treated with 40 initiated. Octapeptide RC-15, 
octapeptides. For example, murine and other mamma- 
lian chondrosarcomas are growth hormone dependent 
Salomon, et al, Cancer Res., 39, 4387 (1979); and 
McGumbee, FedL Proc, 30, 428 (1979) reported that rat 

(Swarm) chondrosarcomas are growth hormone depen- 45 Trp— Lys— Thr— Cys— ThrNHj, 

dent. Human chondrosarcomas are similar to Swarm 
chondrosarcomas. Somatostatin analogs inhibit the in doses of 3 ug/b.i.d. (twice a day) powerfully inhibited 
growth of swarm chondrosarcomas (Redding and the growth of MT/W9A rat mammary tumor and re- 
Schally, A. V. Proc. Nat. Acad. Sciences, 80, 1078-1082 duced the percentage change in tumor volume to 
(1983)) and the octapeptides of the present invention are 50 11 06 ±447% as compared to 2808 ±8 12% for controls, 
likewise useful for inducing the regression of human (FIG. 2) after 16 days of treatment Thus, the octapep- 
chondrosarcoma tumors which cannot be controlled by tides of the present invention may be utilizable in the 
chemotherapy. Similarly, Dunn-Osteosarcomas treatment of human breast carcinoma. The therapeutic 
C3H/HeJ in mice are similar to human tumors and action of octapeptides is due to the inhibition of the 
appear to be hormohally (GH)-dependent (Ghanta et 55 growth hormone and prolactin secretion. The octapep- 
aL, Natl Cancer Inst 57, 837-839 (1976)). Various ana- tide may be administered alone or in combination with 
logs of somatostatin inhibit the growth of Dunn os- LH-RH analogs such as D-Trp-6-LH-RH, which inhib- 
teosarcomas (Schally, et al., Cancer Treatment Reports, its the growth of estrogen dependent nummary tumor 
68, 281, (1984)), Schally, et al., Proc Soc Exp. Med, (Redding and Schally, Proc NatL Acad. Set, USA, 80, 
175, 259 (1984). Octapeptide RC-15, 60 1459-1462 (1983)). 

In order to determine activity on pancreatic carci- 
noma, animal models of pancreatic cancer with acinar 
and ductal phenotypic characteristics are used (Red- 
ding and Schally, A.V., Proc Nat Acad Sci, 81, 
Trp-Lys-Thr— cirs-ThrNH^ 65 248-252 (1984)). The transplantable well differentiated 

acinar pancreatic tumors DNCP-322 (CA-20948) in 
at doses of 5 ug/day was found to significantly prolong Wistar/Levis rats (Longnecker, et al., Cancer Research 
the survival of mice with Dunn osteosarcomas. Octa- 42, 19-24, (1982)); and Longnecker, et al., Cancer Let- 



Ac— D— p-CLPbe— Cys— Phe— D— 



Ac— D— p-CLPhe— Cys— Phe— D— 
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ters, 7, 197-202 (1979) are obtained from the Depart- pancreatic secretion, synthetic secretion (Squibb and 
ment of Pathology, Dartmouth Medical School, Hano- Sons, Inc., New York, N.Y.) and caerulein (Farmitalia, 
ver, N.H. The golden Syrian hamsters bearing the well Italy) are used in constant doses shown previously to 
differentiated (WD), chemically induced ductal adeno- evoke near maximal stimulation of bicarbonate of pan- 
carcinoma (Scarpelli, et al, Cancer Res., 39, 452-458 5 creatic enzyme secretion (Konturek, et al., (1976) supra. 
(1979) are used. Donor tumor tissue from either species Experiments on pancreatic stimulation by endoge- 
is quickly dissected and washed in ice cold Hanks buff- nous stimulants are performed using duodenal instilla- 
ered saline, pH 7.4 and the capsular material carefully tion of 0.1N HC1 or a meat meal (500 g.)> (Konturek, et 
removed. Tumor tissue is then sliced into small pieces aL, (1976) supra). Blood samples are withdrawn before 
and passed through a No. 30 stainless steel screen into a 10 and every 15-20 minutes for serum gastrin determina- 
beaker of ice cold buffer. The pellet is resuspended in tion (Yalow, et al., 58, 1-14 (1970). 
buffer and 1 to 2 zng. aliquots of tumor tissue injected The results observed for the octapeptides of the pres- 
subcutaneously into the middle back region of weanling ent invention and somatostatin on gastric acid response 
male animals of the respective model, i.e., Wistar/Levis to pentagastrin are as follows: 
rats of LAS Syrian hamsters. Subcutaneously trans- 15 Both the octapeptides and somatostatin administered 
planted Longnecker DNCP-322 tumors achieve a diam- are found to strongly inhibit pentagastrin or desglugas- 
eter of approximately 5 cm in about 4 weeks. WD tumor trin-induced gastric acid output fom the OF. The inhibi- 
grows slowly in golden hamsters, tripling its size in tion of acid secretion is more pronounced with the 
about 45 days. In rats bearing the acinar pancreatic octapeptides. D-p-Cl.Phe-Cys-Tyr-D-Trp-Lys-Val- 
tumors, chronic administration of the octapeptides of 20 Cys-ThrNH2 was found to be approximately twice as 
this invention significantly decreased tumor weights potent as somatostatin. Moreover, its action was pro- 
and volume. In Syrian hamsters bearing ductal form of tracted since the inhibition of gastric acid continues 
pancreatic cancer, chronic administration of the octa- after infusion was stopped, in contrast to somatostatin 
peptides diminished tumor weights and volume (Red- whose action was short-lived. 

ding and Schally, Proc Nat Acad, Set, 81, 248-252 25 G.I. tests indicate that the octapeptides are useful for 
(1984)). The percentage change in tumor volume vol- treatment of duodenal ulcers and acute pancreatitis, 
ume was significantly decreased when compared to The octapeptides of this invention or the acid addition 
control animals. The LHRH agonist D-Trp-6LH-RH, thereof are also useful for the treatment of acromegaly 
given twice daily or injected in the form of controlled- and related hypersecretory endocrine states and in the 
release microcapsules significantly decreased tumor 30 management of diabetes and for the therapy of certain 
weight and volume. The octapeptides reduce the cancers. When the octapeptides or salts thereof are 
growth of pancreatic ductal and acinar cancers, proba- employed for such treatment or management, they are 
bly by inhibiting the relase and/or stimulatory action of administered systemically, preferably parenterally, or in 
gastrointestinal hormones, gastrin, secretin and chole- combination with a pharmaceutically acceptable liquid 
cystokinin on tumor cells (Schally, et al., Proc Soc Exp. 35 carrier. The octapeptides of this invention have a low 
Biol Med, 175, 259 (1984)). A combined administration order of toxicity. The proportion of the octapeptide or 
of an octapeptide of this invention with an LH-RH salt thereof is determined by its solubility in the given 
agonist leads to a greater inhibition of cancers of the carrier, by the given carrier, or by the chosen route of 
pancreas than that which can be obtained with somato- administration. When the octapeptide or a salt thereof is 
statin analogs alone. 40 used in a sterile solution, such solution may also contain 

In order to compare some of the biological actions of other solutes such as buffers or preservatives, as well as 
the octapeptides of the present invention and somatosta- sufficient amounts of pharmaceutically acceptable salts 
tin on gastrointestinal secretions and on the release of or glucose to make the solution isotonic. The dosage 
some gastrointestinal homones in dogs, the following will vary with the form of administration and with the 
procedures are used: 45 particular species to be treated. Preferably, the dose 

Mongrel dogs weighing 15-20 kg. are prepared surgi- range for sublingual or oral administration is about 1 
cally with gastric (GF) and pancreatic fistulae (PF) as mg. to about 100 mg/kg. of body weight per day. Gen- 
described by Konturek, et al., (1976) 225, 497 and Kon- erally, the dose range for intravenous, subcutaneous or 
turek, et al., Gastroenterology, (1976) 58, 1-6. Secretions intramuscular administration is from about 0.1 meg. to 
from the GF and PF are collected continuously at 15 50 about 1 mg/kg. of body weight per day, and, prefera- 
minute intervals. Hydrogen ion and pepsin concentra- bly, is from about 0.5 meg. to about 100 mcg.Ag. of 
tions in the pancreatic juice are also measured in 15- or body weight per day. It is evident that the dose range 
30-minute outputs. (Konturek, et al., J. Physiol Lond, will vary widely dependent upon the particular condi- 
255, 497 (1976) and Konturek, et aL, (1976) supra.). tion which is being treated as well as the severity of the 
Basal secretion is first collected for two 15 minute peri- 55 condition. 

ods, and then the secretory stimulant for gastric and/or The octapeptides or salts thereof can be also be ad- 
pancreatic secretion is administered for 3£ hours. When ministered in one of the long-acting, slow-releasing or 
the secretory rate reaches a subtained plateau, the octa- depot dosage forms described below, preferably by 
peptides or somatostatin are given in standard doses intramuscular injection or by implantation. Such dosage 
(2-4 ug/Kg/hr.). i.v. for a one hour period. In control 60 forms are designed to release from about 0.1 meg. to 
experiments, the animals received secretory stimulants about 50 meg. Ag. body weight per day. 
along for the duration of the tests. It is often desirable to administer the octapeptide 

In tests on gastric stimulation, pentagastrin or des- continuously over prolonged periods of time in long- 
glugastrin (glutaroyl-Ala-Tyr-Gly-Trp-Leu-Asp-Phe- acting, slow-release or depot dosage forms. Such dos- 
NH2) is infused i.v. in a constant does (3 ug/kg/hr.), 65 age forms may either contain a pharmaceutically ac- 
shown previously to elicit near maximal gastric acid ceptable salt of the peptide having a low degree of 
secretion. Gastic secretion is measured and acid content solubility in body fluids, for example, one of those salts 
determined by titration with 0.1N NaOH. In tests on described below or they may contain the peptide in the 
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form of a water-soluble salt with a protective carrier 
which prevents rapid release. In the latter case, for 
example, the peptide may be formulated with a non- 
antigenic partially hydrolyzed gelatin in the form of a 
viscous liquid; or the peptide may be absorbed on a 5 
pharmaceutically acceptable solid carrier, for example, 
zinc hydroxide, and may be administered in suspension 
in a pharmaceutically acceptable liquid vehicle; or the 
peptide may be formulated in gels or suspensions with a 
protective non-antigenic hydrocolloid, for example, 10 
sodium carboxymethylcellulose, polyvinylpyrrolidone, 
sodium alginate, gelatin, polygalacturonic acids, for 
example, pectin, or certain mucopolysaccharides, to- 
gether with aqueous or non-aqueous pharmaceutically 
acceptable liquid vehicles, preservatives, or surfactants. 15 
Examples of such formulations are found in standard 
pharmaceutical tests, e.g., in Remington's Pharmaceuti- 
cal Sciences, 14th. Ed*, Mack Publishing Co., Easton, 
Pa. (1970). Long-acting, slow-release preparations of 
the octapep tides of this invention may also be obtained 20 
by microencapsulation in a pharmaceutically acceptable 
containing, for example, gelatin, polyvinyl alcohol or 
ethyl cellulose, or co-polymers of lactic and glycolic 
acids, poly(d,l-lactide-co-glycolide) microcapsules, cf. 
T. W. Redding, et al„ Proc NatL Acad. ScL, USA, 81, 25 
5845-5848 (1984)) and the like. 

Further examples of coating materials and of the 
processes used for microencapsulation are described by 
J. A. Herbig in * -Encyclopedia of Chemical Technol- 
ogy", Vol. 13, 2nd Ed., pp. 436-456 (1967) Wiley, New 30 
York. Such formulations, as well as suspensions of salts 
of the peptide which are only sparingly soluble in body 
fluids, for example, salts with pamoic acid or tannic 
acid, are designed to release from about 0.1 meg. to 
about 100 meg. of the active compound/kg. body 35 
weight per day, and are preferably administered by 
intramuscular injection. Alternatively, some of the solid 
dosage forms listed above, for example, certain spar- 



HFBA are of Sequanal grade from Pierce and water is 
double-distilled in glass and passed through a Milli-Q 
system (Millipore). 

High-performance liquid chromatography is carried 
out on a Waters HPLC system consisting of an M 680 
Automated Gradient controller, two M6000A pumps, a 
U6K injector and a Schoeffell SF 770 variable wave- 
length UV detector. 

Reversed phase HPLC on CI 8 columns is used both 
for analyzing and purifying the compounds. The quality 
and the elution characteristics of the crude peptides are 
established by analytical HPLC on a Vydac 218TP5 
column (4.6 mmx25 cm) using binary gradients of 
solvent A: 0.1% TFA in water, and solvent B: 0.1% 
TFA in CH3CN/water 70:30. The good quality of the 
crude synthetic products combined with optimized 
separation conditions allows a rapid, one-step purifica- 
tion scheme. Resolution comparable to that of analyti- 
cal separations was achieved by using a 5 urn particle 
size packing material and a sample load below the ca- 
pacity of the column. Six to twenty-three mg. of octa- 
peptide is injected in 2-5 mg. portions onto a semi- 
preparative Vydac 218TP5 column (10 mm X 25 cm) 
and eluted isocratically or by a flat gradient (0.1-0.2% 
B/min) using the solvent system containing 0.1% TFA, 
as described below. 

For optimal peak "shaving" the main components are 
collected manually. The volatile eluent is removed by 
freeze drying and then the products are re-lyophilized 
from 1M AcOH yielding 0.7 mh (10-45%) of the puri- 
fied octapeptide. The homogeneity of the octapeptides 
is checked by analytical HPCL in two different solvent 
systems (I: 0.1% TFA/CH3CN/water, II: 0.13% 
HBA/CHaCN/water); Purity using these techniques is 
better than 90% based on UV absorbances monitored at 
210nm. 

EXAMPLE 1 



Ac— D— p-CLFhe— Cys— Phe— D— Trp — Lys— Thi — Cys— "ThfNH2 rod 



i ■ i 

Ac— D— p-CLPhe— Cys— Phe— D— Tip— Lys— Uir-?Cys— ThrNH2 



ingly water-soluble salts or dispersions in or absorbates 45 
on solid carriers of salts of the peptides, for example, 
dispersions in a neutral hydrogel of a polymer of ethyl- 
ene glycol methacrylate or similar monomers cross- 
linked as described in U.S. Pat No. 3,551,556, may also 
be formulated in the form of pellets releasing about the 50 
same amounts as shown above and may be implanted 
subcutaneously or intramuscularly. 

The invention will appear more fully from the exam- 
ples which follow. These examples are set forth by way 
of illustration only and it will be understood that the 55 
invention is not to be construed as limited either in spirit 
or in scope by the details contained therein as many 
modifications, both in materials and methods will be 
apparent to those skilled in the art. Throughout these 
examples the following purification techniques are uti- 60 
lized: 

(Abbreviations: 
HFBA=heptafluorobutyric acid 
HPLX^==high-performance liquid chromatography 
TFA = tricluoroacetic acid 65 
UV=ultraviolet): 

For preparing the HPLC elements, UV grade aceto- 
nitrile is purchased from Burdick & Jackson, TFA and 



0.50 g. benzhydrylamine (BHA) resin (ca. 0.5 NH2/g. 
resin) is added to a 10 ml. reaction vessel with a special 
fritter filter of medium porosity, treated with 10% tri- 
ethylamine in CH2CI2 two times each for three minutes 
and washed with CH2CI2 six times. 

The resin is mixed with Boc-Thr(Bz) (0.75 m. moles) 
and HOBt (0.82 m. moles) in DMF for three minutes. 
5% diisopropylcarbodiimide (0.82 m. moles) CH2CI2 is 
added. The mixture is shaken at room temperature for 
90 minutes. The resulting resin is washed with CH2CI2 
six times and is subjected to a ninhydrin test (Kaiser, et 
^Analytical Biochemistry, 34, 595 (1970)). It should be 
negative at this stage. 

The deprotection of the Boc- group from Boc- 
Thr(Bz>BHA resin is carried out as follows: The resin 
is treated with a solution of trifluoroacetic acid and 
methylene chloride (1:1) for 5 minutes, filtered and 
treated again for 25 minutes, filtered and then washed 
with CH2CI2 six times. 

Treatment with 10% triethylamine is performed as 
described for the benzhydrylamine resin. 
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The subsequent amino acid residues are then intro- 185 mg. BHA resin (0.5 mm BHA/g. resin) is placed 

duced sequentially by coupling in the same manner as in a 20 ml. reaction vessel which is mounted on a me- 

described above. chanical shaker. 

The deprotection is performed as described for Boc- The following amino acid residues, Boc-Thr(Bz), 

Thr(Bz)-BHA resin. After incorporating Boc-D-Trp, 5 Boc-Cys(MBz), Boc-Val, Boc-Lys(2-ClZ) > Boc-D-Trp, 

5% mercaptoethanol is added to 50% trichloroacetic Boc-Tyr (2-BrZ), Boc~Cys(MBz) f and Boc-D-Phe are 

acid in CH2CI2; Boc-D-p-CtPhe-Cys(MBz)-Phe-DTrp- introduced sequentially by coupling and deprotection in 

Lys(2-ClZ>Trir(Bz)-Cys(MBz)-Thr(Bz)-BHA; resin is the same manner as described in Example 1. 330 mg. 

obtained. After deprotection and neutralization, acety- TFA-D-Phe-Cys(MBz)-Tyr(2-BrZ)-D-Trp-Lys(2- 

lationisdonebyusmg(Ac2O)mCH2Cl2for60ininutes 10 ClZ>Val-Cys(MBz)-Thr(Bz)-BHA resin is finally ob- 

(12.5 m. moles). tained. 

Fmally, the peptide resin is washed with CH2CI2, . The protected octapeptide amide-resin is treated with 

methanol and CI12CI2 three times each and dried under HF to give 68.1 mg. crude reduced form. The amount 

vacuum. 0.902 g. Ac-D-p-Cl.Phe-Cys(MBz>Phe-D- of 6.1 mg. crude reduced form is purified by HPLC to 

Tip-Lys(2-C12)-Thr(Bz)-Cys(MBz>Tnr(Bz>BHA 15 give 1.0 mg. pure D-Phe-Cys-Tyr-D-Trp-Lys-Val-Cys- 

resin is obtained. Thr-NH2. 40 mg. crude form is oxidized as described in 

500 mg. protected octapeptide BHA resin is mixed Example 1. The lyophilized powder consisting of oxi- 

with 0.5 ml. cresol and 0.5 ml. 1,2-ethanedithiol, and dized form and salts is subjected to gel filtration with 

stirred in 10 ml. hydrogen fluoride at 0° C for 1 hour. Sephadex G15 and eluted with 50% acetic acid. The 

Excess hydrogen fluoride is evaporated under vacuum. 20 major peak is then lyophilized to give 38.1 mg. of which 

The peptide and resin mixture is washed with ethyl 24.7 mg. is purified by HPCL to afford 9.0 mg. of pure 
acetate and extracted with 30% HOAc and lyophilized. 
112 mg. crude product powder consisting of Ac-D-p- 
CLPhe-Cys-Phe-D-Trp-Lys Thr-Cys-Thr-NH2 is ob- 



tained. 25 I I 

110 mg. crude reduced form is dissolved in 20 ml. D-Phe-Cys-Tyr-D-Trp-Lys-Val-Cys-THr-NH!. 

50% HOAc and diluted to 500 ml. with degassed water 

(N2), adjusted to pH 6.8 with 28% ammonium hydrox- EXAMPLE 3 

Ac— D — Phe— Cys— Phe— D — 5F— Trp— Lys— Thi — Cys— ProNHj and 



Ac— D— Phe— Cys— Phe— D— 5F— Trp— Lys— Thr— Cys— ProNHj 

ide, then 0.005N potassium ferroxcyanide solution is 2 30 mg. beiizhydrylamine resin (ca. 0.5 mm BHA/g. 

dropped in with stirring until a permanent yeUow color resin) fe placed m a 5 ml. reaction vessel which is 

is observed. After stirring for 15 minutes, the pH is mounted on a mec hanical shaker. The protected octa- 

readjusted to 5 with HOAc^5 g Bio Red AG 3-X 4A tide resin ^ 00tained ^ ^ of ^ 

. resui (chloride form) is introduced to remove feme and following* 

ferrocyanide salts. The filtrate is lyophilized. The red- 40 B oc-Pro, Boc-Cys(MBz), Boc-Thr(Bz), BocLys(2- 

,due is subjected to gel ffltration on a column (1x120 QZ), Boc-D/L-5F-Trp f BocPhe, BocCys(MBz), Boo 

cm) of Sephadex G 15 and eluted with 50% acetic acid. D-Phe 

The major peak is lyophilized and 57 mg. of the crude Acetylation is done after the last deprotection. 351 

oxidized form, mg . Ac-D-Phe-Cys(MBz>-Phe-D/L-5F.Trp- 



Ac— D — p-Cl.Phe— Cys— Phe— D— Trp — Lys — Thi — Cys-^Thi — NH2, 

is obtained and the purified by chromatography (high L ys(2Clz)-Thr(Bz)-Cys(MBz)-Pro-BHA resin is finally 
pressure hquid chromatography) to give 10.56 mg. pure obtamed ^ treated ^ HF to gjve 74.5 mg. crude 
octapeptide. reduced form. The crude peptide in reduced form is 

EXAMPLE 2 oxidized as described in Example 1. After gel filtration, 

55 further purification and separation of D/L diastereo- 
D . Phe - c ^ Tyr _ D _ Trp _ Lys _ Val _ Cys _ Tlir . NH2 mers is performed by HPLC. 

(reduced form) and EXAMPLE 4 

D — Phe— Cys—Tyi — D-— 5F— Trp— - Lys— Val — Cys — Thi — NHj and 



D— Phe— Cys — Tyi — D — 5F — Tip — Lys — Val — Cys — Thr — NH2 



I J 65 200 mg. benzhydrylamine resin (ca. 0.36 m. mol. 

D— Phe— Cys— Tyi — D— Trp— Lys— Val— Cys— Thi — NH 2 NH2/g- resin) is placed in a shaking reaction vessel, 

(oxidized form). After addition of the protected amino acids, TFA-D- 

Phe<^s(MBz>Tyr(2-BrZ)-D/L-5F-Trp-Lys(2-ClZ)- 
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Val-Cys(MBz>Tlu^z)-BHA resin (394 mg.) is ob- The synthesis route is described in the following 
tained. The protected resin is treated with HF to give scheme: 



-BHA— resin 



Ac— D-Phe— Lys(2-CIZ)— Tyr(2-BrZ)— D-Trp— Lys(TFA>— Val— Asp(OBz)—Thr(Bz)— B HA— resin 
. HF/m-Cresol. 1.2-Ethanedi thiol 



^O^JhrJ 
D-Ph< 

I 



Ac— D-Phe— Lys— Tyr— D-Trp— LysCTFA)— Val— Asp— Thr— NH 2 < A > 
DCC/HOBT 



Ac— D-Phe — Lys — Tyr— D-Trp— Lys(TFA) — Val — Asp — THi — NH2 (amide bridge) 
10% Piperidine 



i 



1 - 1 

Ac-rD-Phe— Lys— Tyr— D-Trp— Lys— Val— Asp— Thr— NHj (amide bndge) 



CD) 



(Q 



97.5 mg. crude peptide of D-Phe-Cys-Tyr-D/L-5F- p , 

Trp-Lys-Val-Cys-Thr-NH2 (in reduced form). 80 mg. rroceaure: 

ofcrude reduced form is oxidized as described iriExam- 2.14 g. Ac-D-Phe-Lys(2-ClZ>Tyr(2-BrZ)-D-Trp- 

ple 1. After gel fUtration; Peaks I and n are lyophilized, 25 Lys(TFA>Val-Asp(OBz)-Tlu<Bz>BHA-resin is ob- 

yielding 19.8 mg. respectively. Further purification and tained from l.S g. benzhydrylamine resin (0.26 m. 

separation of D/L diastereomers is performed by mol/g.). The protected peptide resin is treated with HF 

HPLC. to give 279 mg. crude peptide of Ac-D-Phe-Lys-Tyr- 

WAMPTP , D-Trp-Lys(TFA)-Val-Asp-Thr-NH 2 (A). 

EXAMPLES 40 mg. crude peptide (A) is purified by HPLC. The 

Ac— D— Phe-r-Lys— Phe-^P— Trp— Lys— Thi — Asp— Thr— NH2 (amide bridge). 



-?HJ3£ .^^ISS^^^^h^ 35 rcst Peptide (A) is cyclized with diisopropyl- 

FA)-TluXBz)-Asp(OBz)-Thr(Bz)-BHA resm is obtained carbodiimide and HOBT using the same procedure as 

from 320 mg. benzhyd^lamine resin. (TFA=tri- described in Example 5. 

fluoroacetyl) The protected peptide resin is treated with One sixth of the reaction mixture of Ac-D-Phe-Lys- 

HF to give 127 mg. crude peptide of Ac-D-Phe-Lys- Tyr-D-Trp-Lys(TFA>Val-Asp-Thr-NH2 (B) is sub- 

Phe-D-Trp-Lys(TFA)-Asp.Thr-NH2. The cyclization 40 jected to gel filtration on Sephadex G15 (1x120 cm) 

procedure is as follow^: ^ ^ . ^ ^einxed by 30% ac^c add. HPIjC is xtscd as a gmde 

100 mg. crude peptide of Ac-D-Phe-Lys-Phe-D-Trp- to te peaks separately. The peptide eluted is 

Lys-Thr(TFA>As^Thr-NH2 and 50 mg. HOBT are \ yopmzcd md purified by HPLC to give purepeptide 

dissolved in 4 ml. DMF and 0.2 m mol; N,N,-diiso- ^ The. rest of the reaction mixture is dissolved in a 

propylcarbcdiiinide mCT^ 45 solution of piperidmeJDMF:H 2 0= 10:45^5 and stirred 

with stirring at 0* C. for 2 hours and at room tempera- at room temperature for 3 hours. The solvent is evapo- 

ture for 5 hours until a negative mnhydrin test is ob- rated vacuum . The oily material is subjected to 

tained. The solvent is evaporated under vacuum. Re- ge l filtration on Sephadex G15 (1x120 cm) and eluted 

moval of TFA-group of Lys in the peptide is performed ^ 30% acid The peaks I and U are lyophilized 

in a solution of piperidine:DMF:H 2 0= 10:45:45 by stir- 50 to give 58.3 mg. and 127.3 mg. respectively. Further 

ring at room temperature for 3 hours. The DMF and purification of peak II is performed by HPLC to give 80 

piperidine are removed by evaporation. The oily mate- pure Deotide (C) 

rial is subjected gel filtration on Sephadex G15 (1 X 120 *' v w 

cm). The peaks I and II are lyophilized to give 30 mg. ■ . . ■ ' 

and 48.4 mg., respectively. The peak II is purified by 55 f""" " ! 1 

HPLC tp give 25 mg. pure peptide of AC— D-Phe— Lys— Tyr— D-Trp— Lys— Val — Asp— Thr— NH2, 

Ac— D— Phe— Lys— Phe— D— Trp— Lys— Thi — Ay— Thr— NH2 (amide bridge). 



EXAMPLE 6 



(amide bridge). 



L 



Ac— D-Phe— Lys— Ty r— D-Trp— Lys— Val— Asp — Thi— NH 2 ^ EXAMPLE 7 

In a similar manner, utilizing the techniques and pro- 
(amide bridge) . cedures described in Examples 1-6, there are obtained 
the following compounds of this invention: . 
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TABLE 2-continued 



Formula (I) and (10 
A.Cys.Ph&D-Trp.Lys.Thr.Cys.B (T) (reduced form) 



Formula (II) and (II*) 
A-Cys.Tyr.D— Trp.Lys.Val.Cys.B (II) 



A.Cys.Phe,D-TrpXys.Thr.Cy»3 (10 (oxidized form) 

B Formula 



D.Ser 



Ac Pro 



Ac.D-Phe 

Ac D/L 5F Tip 



I I 

A.Cys.Tyr.D— Trp.Lya,Val.Cys.B (HO 



DAla 
DVal 
Ac.Phe 


Thr NH2 


I 




A 


B 


Formula 






10 


Ac— Dphe 




II 


D-Phe 






p.CLU rtlt 




n 


Dpbe 




r 






n 


IT 


Ac.D-Phe 




1 




AcPro. 




II 


p.Cl.D-Phe 








D.Pro 


M 




p.Cl.Dphe 




1 




Dp— Glu 




„ 


Ac.p.Cl.D-Phe 




1 




D— Olu 






Ac.p.CI.D-Phe 




r 


15 


D— Trp 




M 


Ac.Trp 




1 




AcSer 


n 


M 


Ac.Trp(For) 








D.Ser 






Ac. D-Trp 




w 




D.Tyr 


n 




D-Trp 




- 




D.Ala.Phe 


" 




AcPro 








D — Phe 


Thr Ala NH2 




D.Pro 






20 




Ala NH2 




AcPro(OH) 










Gly NH 2 




AcSer 










Me Ala NH 2 




D.Ser 










Abu— NH 2 




AcThr 








p.Q.D— Phe 


Ala NH2 




D-Thr 








D— phe 


Pro NH2 




AcTyr 
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DPro NH2 




Dp-Glu 


» 




» 


(Ho)Pro NH 2 




Ac.D-Phe 


Val NH2 






Ac — LPhc 






Ac.D-Phe 


Pro NH2 






D — Phe 


Tyr NH2 




D.Ser 


(HO)Pro NH 2 


« 






Ser NH 2 




D-Phe 


(HO)Pro NH2 














SerNH 2 




30 


D.Ser 


Ala NH2 




D.Ser 








(Ho)Pro NH 2 




D-Phe 


D.Ser NH 2 


** 






Ser NH 2 


" 


D-Phe 


Tyr NH 2 








Tyr NH 2 




Ac.D-Phe 


TrpNH 2 
D-Trp NH 2 






DVal 


Ala NH 2 
For 






D/L 5F Tip NH2 




35 


D— Phe 


Tip NH 2 








Dphe 




w 


Ac.Trp(For) 


For 
1 

Tip NH2 






p.Q D— Phe 
DVal 
Ac— Pro 
Ac Trp(For) 


D/L 5F Trp NH 2 


11 




D/L 5F Trp NH 2 






D— Phe 






AcD.Trp 


D.Trp NH 2 




40 




TrpNH 2 


w 
n 




For 










n' 




1 

Trp NH2 












Ac-Trp 


D-Trp NH 2 
ProNH 2 
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AcTrp(For) 
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Formula (III) and (IV) 




p.Cl D-Phe 








A.CysJ , he.ZXys.Thr.Cys3 (HI) 




AcPro 















For 
I 

Trp NH2 



Thr NH 2 



50 



A.Cys.Phe^Lys.Thr.Cys3 Q3T) 
A.Cys.Tyr^.Lys.Val.Cya.B (IV) 
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TABLE 2 



A-Cys.Tyr.ZXys.Val.Cys3 (IV) 
B Z 



Formula 



Formula (II) and (110 
A.Cys.Tyr.D— Trp.Lys.VaLCys.B (II) 



A.Cys.Tyr.D — TrpXys.VaLCys.B QY) 



60 



B 



Formula 



Ac Gly 
D.Val 
• Ac. Phe 
D — Phe 
D — Phe 
Ac— Dphe 



Thr NH 2 



65 



Acp.CLD — Phe 
Ac.D— Phe 



AcDphe 
D— Phe 
Acp.CLD — Phe 
D— Phe 
D.Ser 
p.Cl.D— Phe 
D— Phe 



Thr NH 2 
ProNH 2 



D/L 5F Trp 
D.Trp 

Trp 

For 

Trp 
D/L JF Trp 
D/L 5F Trp 



(Ho)Pro NH 2 
Thr NH 2 



IT 
II 



Tip 



(in) 



(mo 

(HI) 



(IV) 
(IV) 
(IV) 
(IV) 
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Formula (111) and (TV) 
A.Cys.Phe.ZXyfcThr.Cys.B (HI) 



I I 
A.Cys.Phe.Z.Lys.Thr.Cys.B (111*) 

A.Cys.Tyr.Z.Lys.Val,Cy*.B (TV) 



I I 

A.Cys,Tyr.Z.Ly».Val.Cya.B (TV) 

B Z 



Formula 



(IV) 



TABLE 4 



Formula (V) and (VI) 



A.GphcJ>— Trp.Lys.Thr.C;B (V) 



lated derivatives or a phannaceutically acceptable 
acid addition salt thereof; 
B is an L, D or DL amino acid selected from the 
group consisting of threonine amid (Thr NH2), 
5 tyrosine amide CTyr NH2), tryptophan amide (Trp 
NH 2 ); 

X is L-phenylalanine (L-Phe) or L-tyrosine (L-Tyr); 
Y is L-valine (L-Val); 
Z is D-tryptophan (D-Trp); and 
10 C" and C are L or D-cysteine (Cys), -aminobutyric 
acid (Abu), aspartic acid (Asp) or lysine (Lys); 
provided that where C is Cys, C" is also Cys and 
where C or C" are other than Cys, C" is different 
from C and is other than Cys; 
15 the connecting line between C" and C signifies a 
bridge selected from the group consisting of car* 
, bon/carbon, carbon/sulfur, sulfur/sulfur and 

amide bridges; and the phannaceutically accept- 
able acid addition salts thereof. 
20 2. An octapeptide (reduced form) of the formula 

A-C'-X-Z-Lys-Y-C-B 



r — - — -i 

A,GTyr.D— Trp.Lys.ValC.B (VI) 



B 



Formula 



D—Phe 


Thr NH2 Cys 


Cys 


(V) 




" DCys 


DCys 






*' DCys 


Cys 


n 




• Cys 


DCys 


it 


Ac'— DPhe 


" Lys 


Asp (amide or) 


it 


Ac'— D— Phc 




(VD 



wherein A, C", X, Z, Y, C ' and B are as defined in claim 
25 1 

3. A compound according to claim 1 wherein 
C" is Cys; 

X is Tyr, 
Z is D-Trp; 
30 Y is Val; and 
C is Cys. 

4. A compound according to claim 1 wherein 



TABLE 5 



Calculation of Gastric and Inhibitory Activity of Octapeptide 
RC— 88-H = p-Cl— D-Phe—Cysr- Tyr— D-Trp— Lys— Val— Cys—Tlir— NH 2 on the basis 
■ . of 16 Experiments in Dogs with gastric Fistulac 



RAW DATA 



TESTED MATERIAL 



STANDARD DOSE 






DOSE 




LOW 


HIGH 


LOW 


HIGH 




3 


6 


3 


6 




49 


23.6 


22.5 


12 




48 


25.8 


23 


9 




71 


35.9 


35.6 


27 




53. 


27 


22.8 


16 








SUMS OF SQUARES DF 


MEAN SQUARE F RATIO 


ROW (MATERIAL) 




1709.82 


1 


1709.82 27.6527 


COLUMN (DOSE) 




1380.12 


1 


1380.12 22J205 


INTERACTION 




295.839 


1 


295.839 4.78456 


SUBTOTAL 




3385.79 


3 


1128.6 


WITHIN DOSES : 




741.984 


12 


61.185 


TOTAL 




4127.77 


15 


275.185 


SDT ERROR: 


7.86333 










F. VALUES 








ROW (SAMPLE) 




27.6527 


SIGNIFICANT 




COLUMN (SLOPE) 




22J205 


SIGNIFICANT 




INTERACTION (PARALLEL) 




4.78458 SIGNIFICANT 




SAMPLE POTENCY « 216.303% 










POTENCY RANGE FROM 




140.669% TO 


332.605% 


LAMBDA (DEGREES OF PRECISION) 


= .234861E-01 









We claim: 

1. A compound of the formula 



A— C— X-^Z-rLys— Y— C— B 



(0 



CisCys; 
« X is Tyr; 
Y is Val; and 
CisCys. 

5. A compound according to claim 1 which is 



65 



wherein , 

A is an L, D or DL amino acid selected from the 
group consisting of phenylalanine (Phe), its acety- 



>-Phc— Cy»— ' 



Tyr— D-Trp— Lys— Vtl— Cys— Thi—NH* 



6. A compound according to claim 1 which is 



23 



4,650,787 



24 



— D-Phc— C^s— Tyr— D-Tip— Lys— Val— Cys—Trp— NH2- 



J 



7. A compound according to claim 1 which is 



— D-Phc— Cvs— Tyr— D-Trp— Lys— Val— Cys— Thr— NHj. 



J 



10 



8. A compound according to claim 1 which is 

Ac— D-Phe— Lys— tyr— D-Trp— Lys — Val— Asp— Tin — NH2 



15 



(amide bridge). 

9. An octapeptide (reduced form) of the formula 



A-C'-X-Z-Lys-Y-C-B 



20 



wherein A, C" f X, Z, Y, C and B are as defined in claim 
1. 

10. A compound according to claim 2 which is: D- 2 s 
Phe-Cys-Tyr-D-Trp-Lys-Val-Cys-Thr-NH2. 



11. A compound according to claim 9 which is: D- 
Phe-Cys-Tyr-D-Trp-Lys-Val-Cys-Ser-NH2. 

12. A compound according to claim 9 which is: 

For 
I 

D-Phe—Cys— Tyr— D-Trp— Lys— Val— Cys—Trp—NH2. 

13. A compound according to claim 12 which is: 
D-Phe-Cys-Tyr-D-Trp-Lys-Val-Cys-Tyr-NH2. 

14. A pharmaceutical composition effective for re- 
ducing growth hormone serum levels which comprises 
an octapeptide of claim 1, its reduced form or a pharma- 
ceutically acceptable acid addition salt thereof in a 
phannaceutically acceptable liquid or solid carrier 
thereof. 

15. A pharmaceutical composition of claim 14 which 
is encapsulated in poly(d t l-lactide-co-glycolide) micro- 
capsules. 

16. A method of treating excess release of growth 
hormone, gastrointestinal disorders, and diabetes in a 
mammal in need of such therapy which comprises ad- 
ministering to said mammal an effective dose of octa- 
peptide of claim 1, its reduced form, or a phannaceuti- 
cally acceptable acid addition salt thereof. 



30 



35 



40 



45 



50 
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EXHIBIT 2 



Authorization for H3 Pharma to Apply for Extension of Patent Term 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Patent No. : 4,650,787 
Patentee : Schallyetal. 
Issue Date : Match 17, 1987 
Serial No. : 727,150 
Filed : April 25, 1985 

Title : BIOLOGICALLY ACTIVE OCTAPEPTIDES 

Commissioner for Patents 
P.O. Box 14S0 
Alexandria, VA 22313-1450 

AUTHORIZATION FOR H3 PHARM A TO APPLY FOR EXTENSION OF PATENT TERM 

Pursuant to 37C.F.R. § 1.730, Debiopharm S.A. and Debio Recherche Pharmaceutique 
S.A. (collectively "Debio") hereby appoint H3 Pharma, Inc. ("H3 Pharma"), a Canadian 
corporation, as Debio' s sole agent for the purposes of pursuing interim and permanent patent 
term extensions for United States Patent No. 4,650,787 ("the '787 patient"), as provided under 
35 U.S.C. § 156. H3 Pharma will do all things useful or necessary in order to seek and obtain 
such patent term extensions for the 4 787 patent Debio will provide H3 Pharma with all 
information requested by H3 Pharma for purposes of pursuing such patent term extensions for 
the '787 patent. 

Debio certifies that it is the exclusive licensee of the 4 787 patent, by virtue of a license 
received from The Administrators of The Tulane Educational Fund ( w Tulane' , ), the assignee of 
100% of the right, title and interest in the «787 patent The undersigned has reviewed this 
license, and to the best of undersigned's knowledge and belief, Tulane has exclusively granted 
all patent rights in the '787 patent to Debio, including the right to pursue patent term extensions. 
The undersigned, whose title is supplied below, is empowered to act on behalf of Debio. 



Pate* No.: 4,650,787 
Patentee : Schally ct al. 
Isiuc Date : March 17, 1987 
Page : ?of2 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willfiil false statements and the like so made are 
punishable by fine or imprisonment, or both, undo: Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patents issued thereon. 



Date; March 16, 2005 




Name: R<Jlland-Yves Mauvemay 
Title: President and CEO of 



Debiopharm S.A. 
and of 

Debio Recherche Pharmaceutique S.A. 
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Patentee : Schally et al. 
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EXHIBIT 3 



Assignment from Andrew V. Schally and Renzhi Z. Cai to Tulane 



Patent Assignment Abstract of Title 

NOTE:Results display only for issued patents and published applications. 
For pending or abandoned applications please consult USPTO staff. 

Total Assignments: 1 

Patent #: 4650787 Issue Dt: 03/17/1987 Application #: 06727105 Filing Dt: 04/25/1985 
Inventors: ANDREW V. SCHALLY, REN Z. CAI 

Title: BIOLOGICALLY ACTIVE OCTAPEPTIDES 
Assignment: 1 

Reel/Frame: 004726/0891 Recorded: 06/15/1987 Pages: 2 

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST. 

Assignors: SCHALLY, ANDREW V. Exec Dt: 05/12/1987 

CAI. REN Z. Exec Dt: 05/12/1987 

Assignee: ADMINISTRATORS OF THE TULANE EDUCATIONAL FUND OF NEW ORLEANS. LOUISIANA, 
THE, 

Correspondent: OMRI M. BEHR 

325 PIERSON AVENUE 
EDISON, NJ 08837 

Search Results as of: 2/12/2004 11:59:18 A.M. 



If you have any comments or questions concerning the data displayed, contact OPR / Assignments at 703-308-9723 

Web interface last modified: Oct. 5, 2002 



Page 1 of 1 



Mr- 



d* > tn *a \ 

H J3 JO CI ' 




fA^ignment, Sole/ Joint 
gpnourrent/pre SN Exec. 



FILE NO: KIRK 3.0-001 
ASSIGNMENT 



WHEREAS, We. Andrew V. Schallv and RggrZ. Cai 



as assignor , have Invented pertain improvements i n Biologically active 
octanentides 

for whioh .— " — —United States Letters Patent '«,fr!>0,/b7 were 

granted on March 17th 1987 ' 

and whereas 

The Ai"iinistrators of the Tulane Educational F und of 

New Orleans. Louisiana :~z 



33 a33ignee ! is desirous of acquiring all right, title and interest in and to "" 
said invention and any Letters Patent that may be granted therefor. 

NOW, THEREFORE, in consideration of One Dollar ($1.00) and other 
good and valuable consideration, the receipt of whioh is hereby acknowledged, 

\?!,! B 5?°r S he l e l y 8el1 ' assl8n and sefc over t0 said assignee the entirj 
right, title andinterest for the United States and all other countries in and 

to said invention and the aforesaid r ---"Letters Patent, all original 

divisional, continuation, substitute or reissue applications and patents applied 
for or granted therefor in the United States and all other countries 
and the Commissioner of Patents is hereby authorized and requested to issue all 
patents on said improvements or resulting therefrom to said assignee herein, 
as assignee of the entire interest therein; and the undersigned for „ Q 
•?! h 0U f , le ?! X re P re »entatives, heirs and assigns do hereby agree and covenant 
S^Lf"" remuneration, to execute and deliver all divisional, continua- 
InS «n tl T an V ther applications for Letters Patent on said improvements \ 
^ L S 8nmen ^ there0f t0 8aid a«i6nee or its assigns, to communicate to 
?n* sill t f2L° r t re P[ eaentatlve s all facts known to the undersigned respect- 
ing said improvements, whenever requested, to testify in any interflr^s-o? ^ : 
iSZvlfll Proceedings in which any of said applications; ol ^mW^ie 
eveSvth?™ „! 8 " 1 J aWf ?i Pap f rS ' 311 rightful *ath 3 ; Jn* ^ 

n f° Sary ^° a " assignee, its mooeam^m^M^m^W^ 1 

incident to said applications to be* borne -eMi'^-^^^^^^W^ 



Tf9 




STATE OF L 9 U * siaiia j 
C$NTY OF^^sjto^ )SS. 




00E OF LOUISIANA- ) 
•eo|HTY OF OILieKWt, fA<t\blt- )ss. : 




S3-- 



Patent No. 
Patentee 
Issue Date 



4,650,787 
Schally et al. 
March 17, 1987 



Attorney's Docket No.: 16947-005001 



EXHIBIT 4 

Structural Formula of Vapreotide 
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Exhibit 4: Structural Formula of Vapreotide 




OH NH 2 
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EXHIBIT 5 



Steps for Synthesis of Vapreotide Acetate 



Patent No. : 4,650,787 
Patentee : Schally et al. 
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Exhibit 5: Steps for Synthesis of Vapreotide Acetate 



H-Cys(Acm)-OH«H 2 0 
+ 

Boc-D-Phe-OSu 
1 4 

Boc-D-Phe-Cys(Acm)-OH 



4 4 



Z-Tyr-OH 

+ 

H-D-TrpOMe«HCl 

2 4 

Z-Tyr-D-Trp-OMe 

3 4 

H-Tyr-D-Trp-OMe»HCl 
I 



Boc-D-Phe-Cys(Acm)-Tyr-D-Trp-OMe 
5 4 

Boc-D-Phe-Cys(Acm)-Tyr-D-Trp-N 2 H 3 
(fragment 1-4) 
I 
I 
I 
I 



H-Cys(Trt)-OH 
+ 

Boc-Val-OSu 
6 4 

Boc-Val-Cys(Trt)-OH H-Trp-NH 2 «HC1 

I I 
74 

Boc-Val-Cys(Trt)-Trp-NH 2 

8 i 

H-Val-Cys(Trt)-Trp-NH 2 

+ Fmoc-Lys(Boc)-OH 

9 i 

Fmoc-Lys(Boc)-Va!-Cys(Trt)-Trp-NH 2 
10 i 

H-Lys(Boc)-Val-Cys(Trt)-Trp-NH 2 
(fragment 5-8) 



11 i 



Boc-D-Phe-Cys(Acm)-Tyr-D-Trp-Lys(Boc)-Val-Cys(Trt)-Trp-NH 2 

12 4 cyclization and chromatography on silica gel 



Boc-D-Phe-Cys-Tyr-D-Trp-Lys(Boc)-Val-Cys-Trp-NH 2 

13 I removal of Boc protecting groups and 
4 conversion to the acetate salt 



H-D-Phe-Cys-Tyr-D-Trp-Lys-Val-Cys-Trp-NH 2 »2-3AcOH»3-5H 2 0 
| reverse phase HPLC chromatography 
14 | ion exchange TFA->acetate 

4 



H-D-Phe-Cys-Tyr-D-Trp-Lys-Val-Cys-Trp-NH 2 «2-3 AcOH«3-5 H 2 0 
| purification and freeze drying 

vapreotide acetate 
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EXHIBIT 6 



Maintenance Fee Statement for United States Patent Number 4,650,787 



http ://orbison: 888 8/Sho wPa tentFee j sp 




02/12/2004 



Patent 
Number 

Status 

Window 
Opens 

Fee Amt 
Due 

Fee Code 

Surchg 
Code 

Title 



4650787 Issued 03/17/1987 Application 

Number 

4th, 8th and 12th year fees paid 

Surchg Due 

Surchg Amt Due 



06727105 Filed 



04/25/1985 



Small Entity NO 
Expiration 

Total Amt 
Due 



BIOLOGICALLY ACTIVE OCTAPEPTIDES 



Address for Fee Purpose 

OMRI M. BEHR 

325 PIERSON AVENUE 

EDISON NJ 08837 US 

Most Recent Significant Events (up to 7) 

1998/08/20 Pat Hldr no Longer Claims Small Ent Stat as Indiv Inventor. 

1998/08/17 Payment of Maintenance Fee, 12th Year, Large Entity. 

1994/06/28 Payor Number Assigned. 

1994/06/28 Payer Number De-assigned. 

1994/06/17 Payment of Maintenance Fee, 8th Yr, Small Entity. 

1990/09/26 Payor Number Assigned. 

1990/09/10 Payment of Maintenance Fee, 4th Yr, Small Entity, PL 97-247. 
End of Maintenance History 



| New Query j | Print 



2/12/04 12:00 PM 
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EXHIBIT 7 



Approvable Letter for Sanvar 



MflR 07 2005 2:54PM HP LASERJET 3200 p. 5 

R*r 17 00 03:26p P-3 



li/21/2004 15! 10 FAX 




TygPARTMSST OP HEALTH* ; HUMAW SERVICES 



R0C*v««,MD 20W7 



NDA 21-761 



J. Kay Ko«l & A«ocia» 
Attention: Kay No* Fh.D. 
U.S. AgWK *r H3 Phmna, Inc. 
g37i Terrace Drive 
ElCenitcCA 94530 



DcirDi.Nocl: 

Ipj«etion,0.6ing. 

We tdcnowled^ m*^ of your 

September 9 and 22, October 7 and 8. ttd November 1.2004. 

v~«~. .««n«nlBd.««lttu wtwowWa Btforetba application 



you have jut coay lrt wi • major trie- 




ciniitrri ftMW™™ 1 "" w ir 

Develop . ^bUUy^d^-s^ .JutwiUbe^ to vjprcotld. r.le»e «d «M»y 

- T* ««y proceed ft. rda-d i^rid- nnmu^guoo.^atf^tc betw~c cyclic 
voprtotlde and foe linear oenpepcide analog. 



2. 



4. 



hflR 07 2005 2:55PM HP LASERJET 3200 
Rpr 17 00 03s26p 



lt/ll/10QA 15:20 FA* 



nun 

ouB from the newly competed iwiwd«jf 

study orwbo didiiotcxnijfcte»«W " HH " ,B 

_ „.v^»,ui ch»x«e » the ia«d«c or common. *rt tew 
5. De «cribe ^ ^^X^a^!iSll*DA <UU- 

« Bto »,rtveiseev 0 il.bet*e«tb»t«wa« ^..-a-* 

6 ^LSHS«»V In course*- 

In addition. w.l»^««^^^ 

^ caSin&rawioa »bont vtpwotide's effect dreglritwyiacludtag 



MAR 07 2005 2:55PM HP LASERJET 3200 P-7 
Rpr 17 00 09:27p P-5 



12/21/2004 IS: 20 fA* 




Florwxc* Houn 
12/21/04 11:52:08 *M 
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EXHIBIT 8 

Brief Description of Significant Activities Undertaken During Regulatory 

Review Period 
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Power of Attorney 



IN XH£ UNITED-STATES PATENT AND TRADEMARK OFFICE 



Patent No. : 4,650.757 

Patentee ; SehallyetaL 

Issue Date : March 1:7, 1 987 

Serial No. : 727,105 

Filed : April 25,1985 

Tilly ; BIOLOGICALLY ACTIVE OCTAPEPTIDES 

Conumssiouer for Patents 
P.O.Box 1450 
Alexandria, VA 223 13-1 450 

POWER Off ATTORNEY 

Pursuant lo 37 C.F,R. § 1.730, H3 Phamia, lixc. ( I4 H3 PhaattaT'), hereby appoints -Scott B. 
Markow, Reg. No. 46,895 and Anita L. Meikiejohn, Ph.D., Rcg/No. 35,283/of Bsh & 
Richardson P,C M as its attorneys to prosecute the, applicaiicn for patent term extension of US* 
Patent No. 4,650,787 and to transaetal I business in the Patent and Trademark Office connected 
Ihcrevviih wilh Cull powers of substiluiiun and revbeation. 

The undersigned, an authorized representative of! 13 Pharma, verifies that 113 Pharma is 
the exclusive agent of Debiopharm S.A. and Debio Recherche Pharmaceutique S:A, (collectively 
"Debio") for the purposes of pursuing a patent term extension for the 4 787 patent, by virtue of 
Ihe Authorization for H3 Pharma Lo Apply for Extension of Patent Term ("AuUiorisauoiV'). In 
the Authorization, Debio certifies than (i) The Tulane Educational Fund ('Tulane") is the 
assignee of 1 00% of the right, tide and interest in the '787 patent; (if) Debio has authority to .seek 
n patent term extension for the c 787 patent by virtue of Tulane having granted I^ehio an 
exclusive license to all of the rights of the l 787 patent; and (iii), Debio has granted H3 Pharma a 
sublicense to the - 787 patent including the rights to develop and comniercialize vaprepti.de. 



'Patent No. : .4,650.787 

Patentee : Sehally ct al. 

Issue Date : March 17, I9S7 

Page : 2 of 2 



Please direct all communications regarding/the application 16 the attorney at the address 

and telephone numbers indicated below. 

Scott B. Mackow 

FISH & RICHARDSON P.C. 

1425 K Street, KW. 

1 1th Floor 

Wfishuietou, DC 20005-3500 
Telephone: (202) 783-5070 
Facsimile: (202) 783-2331 



Signature: 



Dale: March 24,2005 



Name: 



Lofc Maurei . MD 



Title: 



President & CEO 



H3 Pharma. Inc. 



